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[57] ABSTRACT 

An improvement when l,3,5,7-tetranitro-l,3,5,7-tet- 
raazacyclooctane is prepared by nitrolysis of 1,3,5,7-tet- 
raacyl-l,3,5,7-tetraazaceyioctane with a solution of ni- 
tric acid and nitrogen pentoxide or phosphorous pen- 
toxide. This improved process herein before set forth 
produces 99% yield and purity of product. 
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IMPROVED PROCESS OF PRODUaNG HMX IN 
100% YIELD AND PURITY 

GOVERNMENTAL INTEREST 5 

The Government has rights in this invention pursuant 
to Contract No. DAAA86-C-0171 awarded by Depart- 
ment of the Army. 

The invention described herein was made in the 
course of or under a contract or subcontract thereunder 
with the Government and may be manufactured, used 
and licensed by or for the Government for Governmen- 
tal purposes without the payment to us of any royalties 
thereon. ^ 

FIELD OF USE 

This invention relates to an improved process of mak- 
ing HMX. 

BACKGROUND OF THE INVENTION 20 

HMX, which is known as (l,3,5,7-tetranitro-l,3,5,7- 
tetraazacyclooctane), is the most powerful non-atomic 
explosive in military use, but widespread use of this 
explosive has been limited by its exceptionally high ^5 
cost. Although HMX was first discovered in 1941, the 
only known process for its manufacture comprises ni- 
trolysis of hexamethylenetetramine with a mixture of 
nitric acid and acetic anhydride, essentially as described 
by Castorina and co-workers (J.A.C.S., 82, 1617 (1960). jq 
T he latter process has many deficiencies, notably there 
is a very poor yield of HMX on a methylene basis, and 
a very high consumption of acetic anhydride required 
during processing. 

It has been proposed to produce HMX by nitrolysis 35 
of TAT, which is known as l,3,5,7-tetraacetyl-l,3,5,7- 
tetraazacyclooctane. However, such attempts at this 
nitration have proved to be largely and very frequently 
unsuccessful. 

These attempts have included treatment of TAT with 4Q 
the following, viz. (a) treatment with 100% nitric acid 
at temperatures ranging from —30° C. to 50° C.; (b) 
treatment with mixtures of ammonium nitrate and 
acetic anhydride at 70° C.; and (c) treatment with mix- 
tures of 100% nitric acid and acetic anhydride at tem- 45 
peratures from 0° to 25° C. Further techniques were 
used which included heavy treatment with dinitrogen 
pentoxide which is very expensive, or the use of phos- 
phorous pentoxide, which is somewhat troublesome to 
use. 50 

The products of the first two procedures cited above 
were not water-insoluble, while the third procedure 
produced a water insoluble product which was not even 
HMX. The last process utilized yielded HMX of good 
quality and a very slightly higher yield than the process 55 
of the art, but the reaction requires the use of elevated 
temperatures and very, very high amounts of very ex- 
pensive reagents, such as nitrogen pentoxide and the 
like. 

SUMMARY OF THE INVENTION ^ 

An object of the present invention is to provide a cost 
effective process for producing HMX in essentially a 
yield of 95 to 100% by nitrolysis of TAT. In other 
words, it cost less to produce the HMX, which makes 65 
the process commercially attractive. Other objects will 
become apparent from the following description of the 
invention. 
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We have discovered that by the use of the process of 
this invention, HMX can be obtained in quantitative 
yield, and at 99-f% purity, by reacting TAT with 
98-|-% nitric acid, for more prolonged periods at lower 
and acceptable temperatures viz. 20° to 45° C. The new 
milder conditions require less than three mole equiva- 
lents of dinitrogen pentoxide or phosphorous pentoxide 
per mole of TAT. This is substantially quite less than 
the simple stoichiometric requirement, and about a 90% 
reduction over that employed in the prior art, U.S. Pat. 
No. 3,939,148. 

Other outstanding features, which are unique to this 
process are that the yield of the product is essentially 
100%, and that the purity of the product is essentially 
100%. Due to the fact that the product is 100% pure, 
there are no recrystallization processes necessary. Also, 
there are not any by-products produced during the 
reaction process, including no RDX contamination, at 
all, so that there are not any resulting environmental 
problems. This is an essentially isothermal room tem- 
perature process having no requirement for heating or 
cooling, and therefore no utility costs at all. Since the 
process produces no heat at all, overheating is not a 
problem. Further, with some apparent designs, even 
stirring is not required. There are no excess reagents 
consumed, so therefore, no costly recycles of any rea- 
gents are required or necessary. And, very importantly, 
for explosive production, the reaction may be per- 
formed with much greatly enhanced safety by operating 
at temperatures as low as room temperature. 

We have found no excessive amount of any reagent 
necessary, or desirable to the process of this invention. 
Further, the mild temperatures, typically employed 
during this synthesis or process, do not create an unduly 
hostile environment for this product. The nitrogen pen- 
toxide may be introduced, as such in the reaction mix- 
ture, or it may be generated in situ as is known in the art. 
This is generally accomplished by employing a mixture 
of nitric acid with a substance which is capable of react- 
ing with nitric acid, under the conditions employed, to 
produce nitrogen pentoxide. 

The process of the present invention is considered to 
be novel because prior art attempts to produce HMX by 
nitrolysis of TAT has been largely and repeatedly un- 
successful. Even when 100% nitric acid was mixed with 
acetic anhydride, the process was very unsuccessful in 
the amount of yield produced of the product. Also, 
prior attempts to make HMX with nitrogen pentoxide 
and phosphorous pentoxide clearly required a much 
greater amount of each and every one of the reagents. 
And, it is to be noted, that even when more than ten 
times as much phosphorous pentoxide was employed in 
the art, a 79% yield was never exceeded. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following examples illustrate specific embodi- 
ments of the method of carrying out the process of the 
present invention. It is to be understood that they are 
illustrative only and do not in any way limit the inven- 
tion. 

EXAMPLE 1 

Nitration of TAT with a Mixture of Nitric Acid and 
Phosphorous Pentoxide 

500 grams of 98% nitric acid were introduced into a 
1000 ml. beaker, provided with a thermometer, and a 
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magnetic stirring bar. Then, 70 grams of phosphorous 
pentoxide were added in very controlled portions, 
based on temperatures, over a 30 minute period. The 
addition was made with stirring, via the magnetic stir- 
ring bar, and the rate of addition of the phosphorous ^ 
pentoxide was, as stated, dictated by the temperature of 
the reaction mixture. Note, the latter temperature was 
not permitted to rise above 35 degrees Centigrade. The 
reaction mixture was allowed to stir covered by a piece 
of aluminum foil until the temperature fell to room 
temperature. At this point, 50 grams of TAT were than 
added, in about 4 equal portions, but at such a rate that 
the temperature was prevented from rising above 40 
degrees Centigrade. This is very important. The reac- jj 
tion mixture was then allowed to fall to room tempera- 
ture, and the stirring stopped. The stirring bar was re- 
moved, when all signs of any exothermic action had 
subsided. The beaker covered by aluminum foil was 
allowed to set undisturbed for 16 hours at room temper- 20 
ature. During this time, the entire reaction mixture sets- 
up to a cream cheese like consistency. The semi-solid 
was then spooned out of the beaker into 500 grams of 
very rapidly stirred water which was at room tempera- 
ture. After thorough mixing, the HMX water solution 25 
was filtered and washed with hot water. This was done 
until the PH of the filtrate was the same as the wash 
water. The wet cake of crude HMX was than dispersed 
in 400 grams of boiling water, and filtered. This process 
was then repeated, if the melting point of the product 
was found to be less than 282 degrees Centigrade 
(99 + purity). This purity was also confirmed by HPLC. 

No further treatment was required, either by repeated 
crystallizations, or by treatment with solvents, and the 
like to meet government specifications of purity. The 
typical yield of pure HMX ranges between 98 and 
100%, but this depended primarily upon the initial pu- 
rity of the TAT. 

EXAMPLE 2 ^ 

The same proportions and methods were employed 
as set forth in Example 1, however the temperature was 
held constant at 35 degrees Centigrade. Under these 
conditions, the reaction time was reduced to approxi- 45 
mately 10 hours. The yield of product dropped slightly, 
ranging from 94 to 98%, with the purity maintained at 
99 + %. 

EXAMPLE 3 50 

The same proportions and methods were again em- 
ployed as in Example 1. However, the temperature was 
held constant at 45 degrees Centigrade. Under these 
conditions, the reaction time was reduced to approxi- 
mately 5 hours, with the yield ranging downward to 75 
to 85%, while the purity remained constant to 99+%. 

EXAMPLE 4 

The same methods and temperature were used as set ^ 
forth in Example 1,2, and 3, however, the quantity of 
nitric acid was increased to 600 grams. At this concen- 
tration, the reaction mixture remained a clear non vis- 
cous solution, and the mixture could be readily stirred. 
The reaction kinetics of the process are however re- 65 
duced by dilution, and the reaction time is increased. At 
room temperature, the reaction time is increased from 
16 hours to 48 hours. 
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EXAMPLE 5 

The same methods and temperature were used as set 
forth in Example 1, 2, 3 , however, the phosphorous 
pentoxide is replaced by nitrogen pentoxide in the same 
molar quantity. The reaction proceeded much the same 
way, but the yields were between 10 to 20% lower than 
usual, but this depended upon the concentration of reac- 
tants and the temperature of the reaction. 

EXAMPLE 6 

Continuous Nitration of TAT with a Mixture of Nitric 
Acid and Phosphorous Pentoxide 

The procedure and proportions of Example 1, 2, 3 
were used in this experiment, however, after 16 hours 
under conditions at room temperature, J of the reaction 
mixture was removed and worked-up as in Example 1. 
The removed portion is worked-up by the methods and 
with the proportions as outlined in Example 1. To the 
remaining reaction mass, a mixture made up of phos- 
phorous pentoxide and TAT was added. The phospho- 
rous pentoxide was added first, and at i the normal 
proportion to TAT being added. No additional nitric 
acid was added at this time. At this increased concentra- 
tion, the reaction kinetics were greatly accelerated tak- 
ing only about \ the normal 16 hours. The reduced 
amount of nitric acid used in this procedure means that 
less phosphorous pentoxide is required to remove traces 
of water from the nitric acid, so less of the latter mate- 
rial is required. Due to the presence of a mixture of 
TAT, HMX, and other by-product in the mixture, the 
more concentrated reaction mixture remained a clear 
and stirable solution. Once these operational conditions 
have been met, samples may be continuously removed 
and fresh make-up of nitric acid/phosphorous pentox- 
ide and TAT were added in the proper proportions to 
maintain the reaction mixture at a constant size and 
concentration. 

CONCLUSION 

This invention makes it possible to prepare HMX in a 
highly quantitative and very pure form. The process of 
the present invention required very little energy. There 
.were no excesses required in the amount of chemicals 
used during the various stages of the process. The pres- 
ent process is totally less expensive, totally environmen- 
tally acceptable, and most important, the process is 
inherently safer. All these advantages are achieved 
because the process operates at room temperature. 

The Bachmann process is the only process which is 
commercially used. It is very inefficient, and has had 
many problems for the last 50 years. This process of the 
prior art has a maximum yield of only 64%. The remain- 
ing starting material ends up as hazardous waste. Fur- 
ther, this process of the art costs at least about 5 times 
that of the cost of the process of the present invention. 
Our process requires fewer steps, and very little energy 
consumption. 

The process of the present invention almost doubles 
the yield of HMX, while requiring only half the materi- 
als required during processing. As a result, there is very 
little, if any, environmental impact. The meager use of 
energy and reactants reduces production cost by about 
75%. The reaction is run at room temperature provid- 
ing a greater safety margin. Also, the reaction does not 
produce any heat, so no costly cooling apparatus, chem- 
icals or the like are required. 
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To summarize, the process of the present invention 
produces the highest yield and the highest purity of 
yield of any existing process. This is done in such a 
fashion that the least amount of energy consumption is 
necessary, and the least amount of by-products are pro- 5 
duced compared to any existing process of the prior art. 
Further, no recrystallization is necessary to meet any 
and all government standards of purity. 

The foregoing disclosure is merely illustrative of the 
principles of this invention and are not interpreted in a 10 
limiting sense. We wish it to be understood that we do 
not desire to be limited to the exact details described for 
obvious modifications will occur to a person skilled in 
the art. 

What is claimed is: 15 

1 . In an improved process of making (1,3,5,7-tetrani- 
tro-l,3,5,7-tetraazacyclooctane) by the nitrolysis of 
l,3,5,7-tetraacetyl-l,3,5,7-tetraazacyclooctane (TAT) 
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with nitric acid and dinitrogen pentoxide or phospho- 
rous pentoxide, the improvement consisting essentially 
of using between 5 to 10 g nitric acid per gram TAT, at 
a temperature between about 20° C. and about 45° C. for 
a time period between about 4 Hr. and about 16 Hr. to 
produce a quantitative yield of about 99% and a purity 
of 99% or more. 

2 . The process of claim 1 wherein the temperature is 
about 20° C. and the reaction time is about 16 Hr. 

3 . The process of claim 1 wherein the temperature is 
about 35° C. and the reaction time is about 10 Hr. 

4 . The process of claim 1 wherein the temperature is 
about 45° C. and the reaction time is about 5 Hr. 

5. The process of claim 1 wherein the total amount of 
phosphorous pentoxide is less than 3 mole equivalents 
per mole of TAT. 
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